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IN’VJ?STIGATIONOF EFIZECTS OF VARIOUS CAMOUFWE PAINTS
‘-I
AND PAINTING PROCEDURES ON THE DRAG CHARACTERISTICCS

oF AN NACA 65(&1)-&0, a = 1.0 AIRFOIL SECTION

By Albert L. B&slow

SUMMARY

The effects of various camouflage paints and painting
procedures on the drag characteristics of a 60-irlch-chord
low-drag airfoil have been investigated in the NACA two-

“ dimensional low-turbulence pressure tunnel. A typical
field application of camouflage paint increased the sec-
tion drag coefficient of’the aerodynamically smooth air-
foil at a Reynolds number of &!+ x 106 from c.0c)46 to
0.0079 at a section lift coefficient of 0.3 and from
C.0053 to C.0086 at a section lift coefficient of @.7.
For a camouflage painted surface unimproved after painting,
increased care taken In the application of the paint
resulted In an increase in the maximum Peynolds number
at which low drag coefficients were obtainable

&
ThiS

mcxlmum Reynolds number did not exceed 22 x 10 for any
bf the surface conditions tested unless the surfaces were
lightly sanded after painting. In order to approach the
dra~ characteristics of the aerodynamically smooth air-
foil section at high-speed and cruistng lift coefficients

“ and flight Reynolds numbers, it was necessary to sand the
airfoil surfaces lightly after -palntlng.

INTRODUCTION

Application of camouflage paint to airplane wings
,...has been found to decrease the smoothness of the surface

of the wing with a resultant Increase in the drag of the
airfoil. It was believed that the care taken in the
preparation and application of the paint was the pre-
dominant influence upon the resultant drag characteristics

-----—. .- . - .-— - —- -— -— —. ,.. - _ . — —



. —.. .

rather than the inherent quelities of the paint. A pre-
liminary Investigation was therefore made in the NACA
two-dimensional low-turbulence pressure tunnel to deter-
mine the effects on the dr~g onarecteristfics of various
camouflage Fainting procedures and of two types 3f cmmou-
flsge ~lalnt. The model tested was of 6C-inch chord and
had ~ NACA ~5(~11-@@, a = 1.(I airfoil seetlon. Tests

were made over an approximate range of section lift
~oeffjcignt f’r~m-0.!L~to O.~0 at appro~imate Reynolds

numbers from 6 x 106”to 63 x 106.

DbSCRTPTT()?JOF MODEL AND PAINTING PROCEDWL!ZS

The model, of 60-inch chord, was constructed of
metal in the shops at the Lmgley Memorial Aeronautical
Laborntcry and had an NACA 65(421]-420, a = 1.0 alrfoll

section. The metal skin was made in one piece from
~0.9 Eercent of the chcrd on the lower surface around
the leading edge to ~Cl,~percent of the chord on the
u~per surf’ace. This construction eliminated skin
joints end rivets In the re~ian of laminar flow forward
of the point of mjnjmum pressure, which is located at
50 percent of the chord. ‘fhe nmclel wqs first painted
with lacquer primr surfaoer, sanded to an aero.dynam~cally
smooth rlnish, and tested to obtu!n sectien drag coeffi-
cients as a basis for comparison cf t-necaiinufla~e paints.
Lacquer camufla~e patnt wns tiisnspra;’edcm the model
aridte~ted in an unln?proved ~ondltion after painting, as
was a synthetic-enamel camoui]age ~alnt. iloththese
camouflage f~.n!shes were also te=ted ai’terspecks had
been removed by two m~thods described hereinafter, The
painting proced~res used on the mcdel for esch cmdition
are as follows:

Procedure l.- Painted with lacquer primer Surfaser,
glaze~locall y wjth pyroxylln putty where needed, and
sanded to obtain an aerodynamically 9.XJOGthsurface.

Procedure 2.- PaAnted with derry Brothers lacquer,
cellulose nitraEe, camoufla~e, ZJn.L3 neutral gray.

(1) Paint stirred thoroughly I
(2) Faint strelned through fine cheesecloth I
(3) Fa?nt thinned with lacquer thinner ir r~tio

of 2 perts thinnpr to 1 part paint . I
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(4) Model sanded clean
r. - . .

(~) Model sprayed WIth dcuble coat of”paint -
using chordwlse strokes of spray gun
for last coat

(6) Model sprayed with single coat of laoquer
thinner using chordtise strokes of
spray gun

%%%?”- Painted with lacquer camoufl e paint,
oliv9 .ra , s a e bl, U. S. Army specification T 905 on
u~.persurface and neutral gray, shade ~, U, S. Army
9peclTication 1)4205on lower surface. Paint applied at
11,S. Army Su.b->FOt at Langley Field 8ccardlnG to a
field procedure used tliereon service airplanes.

(1) Pal.ntstirred

(Z) Paint thinned with lacq~lerthinner ~n
ratto of 1 pare th!nner to 1 part paint

(6) Model sprayed VJt&h sing~-ecoat of syntheti.c-
enamei thinner using chordwtse s~ro;:ss
of spray gun
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Procedure
4

- Painted with synthetic-enamel camou-
flnge~=~% &t camouflage 71-CK)9, dark earth.

(1) pslnt stirred thoroughly

(i!)Paint stratned tkrodgh caarse cheese~lctls

( 3 ) Paint thinned with s;mthetlc-enarnel
thinner ~Shel-will-’l’j.lliamsAerotol) in ‘-
ratjo ~f 3 ~arts :~aintto 1 purt thinner



RESULTS AND DISCUSSION

. -.. ...-.-.-!

The drag data obtained are presented in figures 1
to 6 as variation.of section drag coefficient cd with
IWynolds numiber R and in figures 7 to 12 as vaiiiation
of sectlcm drag coefficient cd with section lift coef-
ficient Cz at four Reynolds numbers, me polars at
thes9 four Reynolds numbers are replotted in figure 13 to
facilitate comparison of the results for the SIX surface
finishes tested. The section drag coefficients obtained
with the aerodynamically smooth surface (painting pro-
cedure 1, fi~s. 1 and 7) serve as a basis for comparison
~nd are referred to as “basic drag coefficients.”

When the airfoil was sprayed with lacquer camouflage
paint according to procedure 2, the section drag coef-
~lcients at a section angle of attack of 0° showed no
appreciable increase over the basic drR~ coefficients

for Reynolds numbers less than 20 x 106 (fig. 2). The
section drag coefficients outsido t;helow-&mag range ware
slight].yhigher, however, than the basic dr~g coei’figients

(fig. l~)o At Reynolds numbers higher than 20 x 106,
the section drag coefficient increased considerably from
a basic section drag coefficient of O.00~+ to a proxl-

~mately G.0076 at a section ar.g19of attack of’O (figs. 1
and 2). Thcieurf’acewas then sanded lightly with No. 320
c~.rbo~zundunpaper to remove dust, lint, or paint specks.
‘~hen the specks were removed, the sectic?ndraflcoeff’i.-
cients were s>lghtly_reduced at ReynoldQ nunibers less
than 4X 10b

[
fig. 3) and were reduced .t’rom0.007~

(fig. 2 ) to 0.00>0 (fi~. 3) at the hi@ler test Reynolds
numbers. The inconsistency of the sharp Increase in drag
with ne~olds number as the pressure of the tunnel air
(refarred to as I!tankpressure”) was increased led to an
examination of the model, which disclosed scratches in
the surface probably caused by the previous sanding. Al-
thou@ the reason for this inconsistency with increase in
tank pressure Is not definitely understood, it is possible
th&t dust and oil vapor introduced into the air stream by
the air compressors may have accumulated in the scratches

? wit-na resultant Increase In roupjrneas. me model there.
fore was resanded with No. 400 Carborundum paper, which
Is lighter than NO. 320, to avoid sanding through the al-
ready thin layer of camouflage paint. Although the ln-
tensi.ty of light reflected from the airfoil surface after
the second sanding was slightly greater than for the un-
sanded condition, the sanded suu-facecould still be con-
sidered nonsecular, Removal of the scratches reduced the

4
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seotion drag coef’ficlents at a section an@e of attack
of 0° to values that are approximately aqual to the
values of’the aerodynamically smooth airfoil up-to the

highest test ~eynold.sm~mber, which was 52 x 105. The
section drag coefficients were, h~wever, still slightly
!li@ler than ~or the aerodynamically smooth airf~il out-
side the lcw-drag range (fig. lj),

When the airfofl was spr9~ed with lacquer camouflage
paint at the TJ.S. Army Sub-Depot at Langley Field (pro-
cedure j), the section drag caefflcients were higher than
fnr Lhe fierotyrlnmicallysmooth airfoil throughout tho
entire range af test Teynolt!snumber. l~ompare fig. 4
with rig. 1.) %en the model was s:>ra~edwith n similar
pslnt at T.IAL (~rocedure 2), sactian drag coefficients
approxtmf~t.elyas low ES for the aerod;~namically smooth
alrfail,wcre ohtai.nedU9 to a qe,ynoldsnumber at

Adverse effects of’a~)ec’{swere also evident when the
model. was paiilted w-lth syn~hat!c-enamel camouflage
(figs, 5, [:,and 13). Figure 5 gives the drag results
of the model pqintetlwith s~nthetic--enarnelcamouflage
with no coat of thlnlleranplled and with the gairt
strained through coar~e rather than fine cheesecloth
(pa?.ntingrrocedure 5). ~“i~ro 6 gives the drag ros~llts
of the model snrayad with s~thetic-tinaml ceinouilage
(painting ~rocedure h] after the snecks had besrlcut
off w:ltha steel l~lade. The model, which was nst sanded
after removal of the specks, ~i~v

~1 ~ ~Q~ l~wer drag valuea upto a ~oynolds number of . Ymn the model
sgrayed with synthetl.c enamel with no specks removed.
A comparison of tha p~lars presented in figure 13 also
shows this resu].t.



An adverse effect on sect.ton lift caef’ficient of’
snecks on botlvthe unimproved lacquer and syntheti!c -
enamel camouflaged surfaces may be noted in f’i~ures 1

to 6. A section lift coefficient of 0.32 was obtaii~ed
at a section angle of’ attack of 0° f’or all surface con-
ditions with spec~~s removed (figs. 7., 3, ad 6) , whereas

a reduction in Se Ctio12 lift coefficient to Va.l. ues Of CJ.~:]

and 0.30 resulted when specks were present on the surfa{je
(f’’iv~..-.,.-> 2, b., and 5).

An orange-peel effect In the naint finish may be

reduced to a large extent by skill” i.n applying the

9:3int. ~h.is skill includes .a knowledge of the c:rrect

d.istmce to hold the spray gun from the surface and the

or’essure in the gun necessary to obtain a finish that
dries uniformly and not too rapidljr. It is also of ~mpor-
tar:ce to spray the paint evenly over the surface w~tkiout

th-!n or thick layers or runn,ing of the paint, 241thou~h
the benefits derived from the final coat of thinner are
~i~t clearly indicated by these tests, it is felt that

1
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the thinner helps refii~ce the orange-peel effect since

both vi.s-dal obscrvattofi ancl toack incij,cated that the
surface which had bsen sprayed wi th a coat of thinner

was smoother. ‘I%e additi On of’ thi s coe.t of t~. nr.er

?.?2cr’L’ases t];e dryj. n,g tiwe of’ the cuter layer of paint and
ye.rmi *js the uncle r layer t? spread OIIt over the surface
more smo9tb.ly m!.thout the ora-nge- pee 1 ef i’ect t’hat mig-r.t
occur a.s a resl~lt of too-rapid extern:~l dry~ng.
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Surface oondition

~

T~#ical field application 0.0079 0.00S6
of camouflage paint

Aerod~amically smooth ,0046 .0053

2. For a camouflage painted surface unimproved after
painting, increased care taken in the application of the
naint resulted in an increase in the nsximum Remolds
fiumber at which low drag coefficients were obta~nable.
In no case, however, did this maximum Reynolds number
(22 x 206) extend into the flight ran~e for large airplanes
for which tinesection tested would normally be used. The
decrease In drag coe~ficient resulting from improved
~aintlng procedures becam= less fiignificsnt, moreover,
as the !%yiioldsnumber and Hft coefficient were increased
to cruising values for large heavily loaded airplanes.

3. Ti~order to approach the drag characteristics of
the smooth and fair airfoil sectton at flight Reynolds
numbers, it was necessary to sand the airfbll surfaces
llg-..tlyafter painting.

Langley Memorial Aeronautical Laboratory
Rational Advisory Committee for Aeronautics

Langley Field, Va.
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1. Jacobs, Eastman N., Abbott, Ira H., and Davidson,
W.lton: Preliminary Low-Drag-Airfoil and Flap
Data from Tests at Large Reynolds Numbers and
LOW Turbulence, and Supplement. NACA ACR,
March 19&.
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TABU I.- lWP’ECTOF PAIXTIHG P~RE Ox REI!HO=

~ MD DRAffCHARACTERISTICS

I I
Pafntlng
prcmedure

MaxlnnnnReynolds number
Demtiptton of at Whloh relatively low

aurfaoe oondlti on values of section drag
ooefflolent were obtained

3

2

Typloal field applloatlon
of laoquer oammfl
Dalnt: unirnprmed r ter LeaatAw4xlo6
Rainting - ,

,C8reful ●pplioatlon of
lao uer oemuflage paint

‘M & final ooat of thln- . 20 x 106
ner;unl~rovedafter
~aint~ws

Careful qplioatlon of
a Wtio-enamel oawu-

4 r’f age paint with final 22S10 6
ooatof th.inner;speolm
outoff after palntlng

Careful appltoation of
aynthetlo-enamel oamou-

5 flage paint; no final tiaa than 6 x 106
ooatof thinner; unim-
proved after painttng

IAlrfoll aurfaoea lightly
2 mnded after painting I (heater than 52 x 106

1 IAeenfidamloally smooth

I
Greater than 60 x 106

od at od at
R 25 x 10b(approx.) R= ~ x 106(approx.)=

Oz = 0.3 Oz = 0.7 Oa= 0.3 o~= 0.7

0.0083
I
0.0095

I
0.0079

I
0.0086

0.0067 I‘“oooI‘“W7*I ‘*OOM
‘“MMI ‘“W75I‘“&nl0om83

09m65I ‘ownI ‘9m66I0;m8’
O** 0.0053 o.@5 0.0062

O.oolp I 0.0049
I
0.0046

I
0;0053

lfATIOI?AL ADVISORY
COU- FOR ABRMAUTICS
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laoqueroemouflagetmlm rovedafterpdntlng~ paintingprooedure
numbar2. Test,-4%1.
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Figs. 9,10

Seotlon lift ooeffloient. 0,
Figure 9 .- Varlatlon or aeotlon dra ooeHlolent-ti& eeotton l.rt

ooefflo~ent fOF 60-in~h-chord HAOA &,@#120, 8 = 1.0 alrfoll neotlon;

laoquer camouflage ll@tly sanded; painthg prooedure number 2.
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Flgure10.- Varlatlonor oeotlcadra ooefflolenttithseoticmlift
fooeffioient for 60-inoh-ohord lUOA 5(&l)-4.20,● = 1.0 atrfollmeotion~

laoquer oemouflago applied by V. S. Army unimproved after palnting~
painting prooedure number 3. met, ZDT 515.
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Paint SuPf~cecondition
Lacquerprimersurrace Procedureo AePOdynmiCdlY=Ootb

+ Lacquerououflage 1&imprOv*d#peiat.dbyIMAL
x Lacquer owaouflage 2

Lightly mnded
El Lacquer camouflage 2

Unimproved; painted b~ ~, 3
0
A

.012
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: .008
h o
Q
~
o

j’ .04

:
*
:
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Section lift coefficient, c1

Paint P,uPfacOccadltlon proeed~pe
Synthetic-enamel camouflage All specks cut off
Synthetic-enamel camouflage Unimproved

$

(a) R, 15 x 106 (approx.).
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Paint Surface ccmdlticm Procedure
O Lacquer primer surface Aerodwmlcalq snoOth
+ Lacquer camouflage Unimproved; painted by IXAL
x L~cquercamouflage ;

Lightlysanded
❑ Imquere9moufl~ge 2

UoimprOwed;pslntedby Army 3
Q
A

!3~thetio-e~#e~ camouflage
Surface condition PrOoedm$e

All specks emt off $8pthetic-enamel camouflage Unimproved
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Section lift coefficient, c1
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SectiOn lift coefficient, c,
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(b) R, 25 x 106 (approx.).

Figure 13.- COmPariaOn of drag characteristics of 60-inoh.chord NACA 65(Ml ~.@, a . 1.CI

*
IIirfOil S.ac$t,ion with SiX s~faoe ~O~ditiOna .
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Paint Surface oondltion Prooedure
k

o Lacquer primer surface Aerodpmmieslly moo th
+ Lacquer camouflage Unimproved; painted by IUL :
X Lecquer camouflage Lightly sanded 2

Paint Surface condition

❑ Lacquer camouflage Unimproved; painted b~ Army
0 Synthetic-enauel camouflage All specks out off

3 A Synthetic-enamel aamouflsge lkllmprwed

:.8 -.4 0 .4 .8 1.2

Section lift .coQfficlent, cl

(c) R, 35 X 106(aPPI’OX.).
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Paint Surface condition
o Lecquer primer surface
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Mcquer ee3c0uflsge
2

❑ Unimproved; painted by ~T 3

u
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Section llft coefficient, cl

?rooedure

$

0
A

Paint IXarfsoecwadltioo PrOO@dW
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Spnthetla-eaael oueuflago IwBprowd

j
u
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:.8 -J+ o .4 .8 1.2

SectIon lift coefficient; cz

(d) R, 45 x 106 (apPrOX.). NAT IONAL ADVISORY
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